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Abstract A new method for 3D-G/MoS, assembly prepared under hydrothermal conditions for the first was
studied, breaking the traditional preparation of freeze-dried to give aerogels with creatively introducing ethyl
orthosilicate. By filling silicide achieved 3D-G/MoS, assembly, the best and stable preparation process was established.
This method did not require adding chemical crosslinking agents, which was highly controllable and maneuverable. The
ray diffraction,infrared spectroscopy,scanning electron microscopy,transmission electron microscope,thermal analysis,
and Raman spectroscopy detection analysis showed that the preparation of sample had characteristics such as low
density, high porosity,high mechanical strength and high stability. Compared with other methods, this preparation had

good stability and repeatability, the method can provide a reference for constructing other sulphides-graphene
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composites and its application and assembly.

Key words

2 AR EARAE Tl Az 7 v b 38k 8 e 2 1Y
R T 48 55 3K T2 A A 7™ A0 A3 A M L B 1 2 % &
GRS RG AY o B RS RL R I R A RRUE 1
W BE PR RE AR M BRIz T R S B R
ALY 25 . KRBT & BL. A7 8206 A MoS, 4
IR S B A B B < T AR TR B AT SIS 5 114

HEEWMA ERARB=HR 4 (21275165)

3D assembly. molybdenum disulfide,graphene.silicide, structure characterization, ethyl orthosilicate

HL AR T

S BRI (3D-G) A R AE Y Bt B b A A
A USSR b T LR 25 R L OF BRI SR S
P A B S AR s T AT, A SRR g e
TR SRR B 2 KT 8 A S B L FH Hh o AR A
fig. 1 EAESBA SO AN, A BT

fEE A B (1993-) . 55 WL AT 50 2 32 BN ] T REVR () B BAoRL & i S LD REAL
BC R OAOrWRBE . BRI, 3 BN SR RGE M- T A8 L UKL S 0 0 B 0 FL DK PR AR B AR 4 I T AR AR A



9% 10 ) ORI AE IR IE R TR Y = AR/ MoS, SUBEIRE Y il A K H 45 H RAE « 131 -

LA R 3D-G 2 AR 11 BE AR 3 fili 7 38 44 7 i 1k
RE VR 2% (b T8l iy i B AT — > 28 i AR
KL 4 O f1 880 21 26 R 5 T UKL F 5 6 b kLI B
FAEZ K. Wu il TRHBRM Fe, O,/ 1
S0 2 WLARE ) A P A Ak S IR D RN TR AR
o XU S5 & T ELA R R A e A A Y
AR/ B R R A TR ) L BIF 5 B Ak R0
B, A0, = SR TCALM R A A R
AL A DL AL S DL P AR A R e RE . Rk, AR
T ZH DL RG SR A7 BB M/ MoS, 21 2% 1A 4% A X i Ak 71
I A RS IR T A A AR T i Ak
PERE.

3D-G/MoS, 414k LA B id R 444, BRI 2y
B Ii-MoS, YR EHE 2 . 3 B BRIE I MoS, 1Y
e R ERE, PR AR O T Rl BRI S
Hf A . O SCHERRGE AT DU S K $A ik 4
B =Y B/ MoS, & A RKEERE , Z )5 » XF K BE
JE AT VA R T R A RN AT A5 B S BET . B AR
SR A 5 2 1 FL L DR B v AR K TR B
I PE A3 S FE 0 o &8 A Ak 7R Mo, 8% iZ
IO7FH e s A SR . 1 Sy — b BT AR T i 5
5 HL L B AT RN AR R L 3D-G/ MoS, R
Jie ELAT T T i . RO T A8 B S5 AR E 1Y
A1 3/ MoS, H 2R E A bORE, 78 i £ 3o 72 B 5%
N 528 T BN A 24 38 3R] R I 30 % b 24 38 B
FIALHE 25 L R 28 AR R FEROR . AR 58 A1) 3 1 b
SIAIERERR W8 833 6k L ) 3 78 5B 3D-G/ MoS,
SRR A BN T BRI R A T AT
NNk 25 22 B3R ] B L AT 5 0 v L X A Ol R R 7E S
A1 250/ MoS, 2H e A% o 230 PR 4 o) & 42 41t T b
545 .

1 SCIG#ER4

1.1 FEHR/EMNE

A (CP)IERBR TR (AR) L IE T 348
(AR) \IEC K8 (AR, [ 2 52 I Ak 22 1 ) A R 2+ 5
1o G TR B R RN LB RR L TC K O30 Y AL AL
MR ER R \MoS, . ¥ AR, b tfb T.)

B0 B e I #E ) B Pk A% (DF-101S A, ], X
m AL A PR s 5 2w 3 O HL(TG16-WS
R R WA S50 = AN T & A PR A BT R OF
(JA3103N #), |- i R4 K 25 Bl A A R A Al
B MR P e s (KH-500DB A9, B 11 R A1 8 7
AR A B A ] 5 H AE R B R T R4 (101-1AB AD

KA & A RS vl 3 & 534 W B
(SEM, 450 %), $E 55 TESCAN A 7] 3 X S A7 5%
(XRD,D/MAX-2400 %) , H A 2428 W] 5 21406 i
L (FT-IR, EQUINOX55 %), 1 & £ £ 77 /N 7 ; $iL
2% % X (RL, DXR #!), 35 @ Thermo Fisher
Scientific 2\ &) o

1.2 XWHE

1.2.1 &ALB B (GOt 4] &

K H Hummers 26| 4 GO, i3 £ K X4
BT o 50 R s g B ], B e AR o SR Ry A AR R L 3R
B THEAEREI S TR, BAK e AEKMAHLT
S50mL MBI SRS TERE 1P FE T K 6 o R R 47
Ml 2g NaNO, 2218 38 8 A bk 52 7 s B0 i
TR AN I AR AR 35°C 22 A LB 24h, N 5E
B 5 ] 52NV 28 12 in A ZR AR K L 20 R T A i 2%
TR 7K B I A B B, B Lk 77 A 2 . A v T Y B S g
— B E] R A R S R L B & 2000mL HEAR
vh, Ak 2 0 2 1R K B R SRR 2R 1800mL A2 AT, Wi
JUAS /NS S B b 20 W, SR oK, P 8 A s
PR WL E R 3—4 W, PN B O ML 5% 3 3
4 4000t/ min, )& B0 B I E IS W pH 2 b
ik R T AR AR B A LB KO S 2 HE
40min J5 50 )5E )2 AR, B 15 2 BAR A GO,
1.2.2 MoS, #hk ¥t 4 &

EFEFHARE 150°C T JF 1Y 3g MoS, #r 3%
AT B0 KRR E T, m A BT, A&
1. 6mol/L IE T IEHL MY IE C e i W 16. 2mL, 7 E il
TR 72h, B0, FHIE © B v B BOR . TR 5 B A
1000mL 781 /K (& 50mL B Z ZEE-600) f, FH#
3 30—60min, T pH FE Ak,

1.2.3 3D-G/MoS, 4Rk %) &

B3Rt ¥ ) 2 T LK AR B B SmL GO K
WABIAE R AL b i ACKERS T, PR, T 154K
P GO KW BTt B IR B8 2mg/mL,
A THL Th S RIS 0 GO . [FEER ik
2mg/mL MoS, /K ¥ W /5 43§ 1h, 75 3 ¥ 51 1Y
MoS, & . # GO 5 MoS, #FiH It 2: 1IR& . 8
7 0.5h fff = AR A A, I 10mL & BRI
AmL 1ERERR SR, CTERE Ty e HE 4% B +E 0. 5h,
A GO 5 R ARAH R 2 (AT TM) IR A 1 80 ik
FRZ 35mL, [ B H A — W R IR . AR 5 B i
WAL E] 50mL 5 DY 5 £ 45 P9 e 1 = oK # &
F£ 200°C RN 18h, 453 Bl 4l e R 7 % &= R mi
ML BT 7= ARie 8 3D-G/MoS,-Si(Si 18 = 4



.« 132 - o T BB ow 5 46 &

YIREARRERR B 28 T SD.,

XFHEARE O LR AR GO 5 MoS, RA
VAR (35mL) B E T 50mL 5 DY 9B 24 N T Y
FEAK FAEE Hh [ BN 28 P9 A — T T R 1R AR B
XS] E 200°C F I 18h, 22K ¥k A VR T4 . 18
BB 2R BRIC N 3D-G/MoS,-F (F AR £ £ Si,
2oV VR TR AT B I S EERD «

2 #ER5iF

FEE M GO IR 40 8 ATTM % 38 i 7k
PN S5 AR S B Y = Gk AR B A R K R
ARSI T GO Wk K A B r A%, 3D-G/
MoS,-Si AT E KT 3D-G/MoS,-F, 5¢ H J5 [ A
B2 A IE BE R £ TR J - 3 26 fe b1 R E A 5 1 1 £L
TR SO A A § e I i Nl I BUR s
VT A A5 ) SR I LR BT RE S AR /N BRIk
Hh XA 3D BRIE 25 1t 23 34 58 A1 BRI/ MoS, & &
OB AR E PR, R T A A A RHIE B OB, HE AT 5
JIBEHE A T BB S BR AR E 2d 5. A
SR 43 O P I A B U B K R RO S L i 3D-G/
MoS,-Si /5 8k ka5 43 BAE 7K A 78 43 i B 3 il 4
RHREAYWEABREREEN KD BRL.

2.1 SEM ##7

A 2 i, 3D-G/MoS,-Si Al 3D-G/MoS,-F Hj

SEM &l UL Bl 1,44 = 4 AR AR 5 D0 B, X U1 B 3%

T AT HI 9

Dighe Wicroncopy ey

K1 A& .3D-G/MoS,-F(b) I
3D-G/MoS,-Si(c.d) 4 2K 1) SEM &
RO COENEF: =

P P TT AL o 21 2 A o A 0 2 Y MR A IR &5
XS R E A SR R T FEE R 3D fL
EZH . Hoh 7 806 B SRR FLIE R/ANATE 3pm A2

£ A LB 55 3D-MoS, /G-F SEEIRFFIMA T
MoS, ZJ& » 21 %% R 38 B n [ isf s FL 3 R/
WA I B Ak, A MoS, J5 L3 K/NFE 20pm 72
fi. 3D-G/MoS,-Si H 4 i , FLi th 5/, X fl 3D
A RT3 2 A OB Y L R L 7E 3D-G/
MoS,-Si H £ 245 S EEIEF MoS, 1 AH B4 |2 4 25
T2 )22 AR 2548 A R T i 1% 3
2.2 TEM %tk

3D-G/MoS,-Si i TEM & WL 1§ 2, & Al 5,
3D-G/MoS,-Si 2 i R4, XA &5t B T8 Hh
TR AR RS R A SEE S MoS, K E A
PRI, MoS, R 2 (R0 4 80 J2& 1 Wi ol 0L iy, 9F
H MoS, A 286 %% . KEERIEE N

LB

K 2 3D-G/MoS,-Si ) TEM [
(b A e TEM B

2.3 FTI-IR %7

GO I 3D-G/MoS,-Si /) FT-IR &% & W& 3,
AT 1, GO 78 3430em ' B IE A — A4 5 96 L B0
P I O 3 05 @ F OH By A 4 PR 2l %5 1725em ™!
IR GO BR¥E EY C—0O M4 IR 3 1110em " &b
HJ C—O—C sl W Wi g, 3 W38 o 20k Y Hum-
mers 7%, A SR AR AR T Go, R A
AEEMRE REMFARLFTAERA. 54,
GO 7 1630cm ™" Ab H B T A 85 Ak sp® 2501 C—
C 46 9 2 e, I FLWOC o o B e K. 5 GO X
. 3D-G/MoS,-Si 1) FT-IR i & th 48 3¢ & & B fE
LT 18 2% 100 B 4 D0 4 5 480 RE T W I, 2 A
MRS A8 Ry 1 B8 0

BAHI%
\
)
s
>
{

4000 3500 3000 2500 2000 1500 1000 500
B /em!

K 3 GOC(a)Fl 3D-G/MoS,-Si(b) iy FT-IR % &l



9% 10 ) ORI AE IR IE R TR Y = AR/ MoS, SUBEIRE Y il A K H 45 H RAE .« 133 -

2.4 XRD o#7

4 A MoS, 5 MoS, 44k 5 1y XRD 3% &,
A AT, MoS, & 5 JCPDS i A MoS, fi7 §f
W52 W4, LI ORI 25 S AR 4. T MoS, 4k A
TE 20=25. 5° /2 B — A T4k 19 (002) A7 5 e, L 53 3
ARAE PR 1 45 89 MoS, 40K Fr /D RULZN

\_/L\b
0 20 40 60 80 100
26/(°)

Kl 4 MoS; (a) 5 MoS, 4Kk i (b)#y XRD i

3D-G F1 3D-G/MoS,-Si B XRD % & WA 5,
i & 7] A1, 3D-G/MoS,-Si 7F 20 = 33.1°, 39. 6° Fll
58. 74k #y Hh BRAT S 06 L 43 9 B T JCPDS R 37-
1492 754 MoS, #J(100),(103) F(110) fm1A ., 20=
14. 2°kEXF % T MoS, JZE#E A 0. 62nm 4 (002) fif
SPig, J& 2 2 MoS, &bk 1) F B AT 4%, 3D-G/
MoS,-Si &7t (002) 77 5 i , B B C Rl )y ] b AA7E
MoS, JZHHERL, 1M 3D-G HAE 20=26. 5° 4k A H i
55 19 (002) 117 5 06, HW TR o) B 3898 , Ui W] GO K
(1) B Al T e 7K B A b 32 v g A, DT AR A5 0 2
AR 4% S, 3D-G/MoS,-Si fE (100)
(002) F (110 A 17 5 e, BAWT &2 & W) h fE 7E MoS, ,
FERZAE 002) o B 1 AT 5 e B i 345, R T4
IR AK A IS MoS, 45 & EAR i)

U“A‘ﬂ‘- - 3D-G

(002)

(100)
(103)
Wmfc/mﬁfﬁ

10 20 30 40 50 60 70 80
20/(°)

B 5 3D-G il 3D-G/MoS,-Si i XRD % &

2.5 RL &%

3D-G Ml 3D-G/MoS,-Si 1y RL i & WL &l 6.
GO Flk B A 1k 1 4% (RGO) 250 BH7E 1350 Al
1590cm ™" 4b 7 WA~ B E AR AE &, B D g R G
W, AT, GO FI 3D-G/MoS,-Si #5 2 8 D
R G, GO [ D IgEM G W5 E (ID/1IG) K
0.89,G g5 F D g, BiI A BIm & AL E oI A&
AUH BE AT I 38 A — E BB L 31X 28 H BE A1 AR AL
ARG PELL /0 F Ay 880 1) B 2 2 4R 000 T 08 R 45

3D-G/MoS,-Si 1 ID/1G Jy 1. 67, P W 48 5t /K #4%
37« i 25 B RE AT B SE B A9 P o SRR S I S LA
5 A 58 0 3 TR D30 5 S o R RE g

1000 1200. 14.00 16‘00 . 1800 2000
P B /cm!

B 6 3D-GOCa)Fl 3D-G/MoS,-Si(b) iy RL 1 &
2.6 TG &

3D-G/MoS,-Si 1) TG & WK 7. &A%,
3D-G/MoS,-Si th M Z X K, 4 — R IF i T 100°C
Z R AT fiE A R 2 IR B K A W AR ) R B 2
bR R . 2B R O BLAE 200~ 260°C
ZH, 2HFEAERAN LR, # 430~500C2Z
] B 5 — IR EE L O MoS, & ki MoO,, It
J& o Bl IR T, 3D-G/MoS,-Si it TP A

8.5

Kl 7 3D-G/MoS,-Si i TG £ K

o>

3 Hi

DA S50 18 U 4 R 61k 1 MoS, 1 ik (1)
Hummers 2 il & B9 £ 2546 4 BF 58 X 52, 5K i 2R
i T ROAEAL A 7 7K G BOE T A8 TR S5 F FUE 3
AHVC BE A9 2 U 4 8 Ak ) MoS, 5 A B E &M
Rk o 5 M % 495 38 3k ¥ VR T AR B AR SRS R O L B
P ML 7E 4125 R P 38 2 OE Rk TR & TR R S 3 RBE I I
LA T 7S T T A AR R T R A = A A
W — RBNERERAE & B, =4 A1 2 IR 1 R ik 4549
FTE BE 0 B A 220 )2 B MoS, 94K & & R iE
Hm SR AR YR . ek T A AL 4 JE ik 5
A 55 LB AR 26 W B L A o 4 R A 4

S % 3k

[ 1] Chandra D, Elsworth D, Van E D. Mechanical and transport
characteristics of coal-biomass mixtures for advanced 1GCC

systems[ ] ].Energ Fuel,2012,26(9) :5729-5739.
(F#% 138 10





